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Supplementary methods

1- Sample recruitment and characterization

Participants in this study were recruited through clinical and community referrals from the NYU

Grossman School of Medicine and from the Child Mind Institute clinical practices, school psychologists,

web postings targeted to parent and advocacy groups, emails among participants in Simons Foundation

Powering Autism Research (SPARK), direct mail advertising, and word-of-mouth. As detailed elsewhere

(Guttentag et al. 2021), study inclusion required a clinician-based DSM-5 primary diagnosis of ASD

(with any comorbidity) or ADHD (with any comrondoty but ASD- i.e., ADHD without ASD;

ADHDw/oASD), total IQ>65 and fluent English speaking. Exclusion criteria for all participants were genetic

syndromes known to be associated with autism, other medical illnesses requiring chronic treatment, and

use of antipsychotics within the past six months. No individuals were excluded based on sex,

parent-reported race, ethnicity, nor socioeconomic status, indexed by the Hollingstead system

(Hollingshead 1975). Children treated with stimulants were asked to withhold them for at least 24 hours

prior to testing, MRI scan simulation training, and MRI sessions.

Clinical diagnoses were based on DSM-5 criteria for either one of two primary diagnostic categories:

ASD, with or without comorbidities, including ADHD; or ADHD, with or without any comorbidities,

excluding ASD - i.e., ADHD w/oASD. Diagnoses were supported by parent interviews, direct child

assessments, review of available parent questionnaires, and any available prior records. At least two

evaluators were involved in the diagnostic evaluation, including licensed psychologists and/or supervised

post- and pre-doctoral fellows. One evaluator completed the diagnostic parent interviews that included the

Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime

Version (KSADS-PL) (Kaufman et al. 1997), and the Autism Screening Interview - school age (Bishop et

al. 2017), administered in-person. Another clinician, who was “blind” to prior diagnoses and records,
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administered and scored the Autism Diagnostic Observation Schedule, second edition (ADOS-2; (Lord

2012), and the Differential Ability Scales-2nd Edition (Elliott 2007). Following these assessments, both the

child and parent evaluators discussed their diagnostic impressions and reviewed all available clinical

information to reach a consensus on best-estimate clinical diagnosis that was confirmed  at a

multidisciplinary (i.e, child psychiatrist, child psychologist, social worker) case conference. Additional

parent-based measures were collected to further characterize the sample in terms of the severity of core

ADHD and/or ASD symptoms, as well as of other comorbid psychopathology to assess predicting

features of scan success. To better capture the different components involved in the symptom and

cognitive domains of interest, we selected a priori valid subscales instead of summary scores. These

additional parent-based measures included:

● Strengths and Weaknesses of ADHD-symptoms and Normal-behavior (SWAN) rating scale

(J. Swanson et al. 2006; J. M. Swanson et al. 2012). The SWAN is a parent/caregiver 18 item

questionnaire designed to assess hyperactivity, impulsivity, and inattention on a 4-point Likert

scale ranging from -3 to 3 in school age children. It yields an average (and raw total) score for

three scales: ADHD, hyperactivity/impulsivity, and inattention index. For the present study

prediction analyses, we used the average subscores of the inattention and hyperactivity indices.

● Child Behavior Checklist (CBCL) is a widely used parent questionnaire consisting of 113 items.

It rates problem behaviors associated with psychopathology on a 3-point Likert scale (Achenbach

and Ruffle 2000). It provides T scores on eight syndrome domains and 6 DSM categories. The

syndrome domains (anxious/depressed, withdrawn/depressed, somatic complaints, social

problems, thought problems, attention problems, rule-breaking behavior, and aggressive

behavior) are summarized in a total problem summary T-score. Internalizing and externalizing

problems subscale summary T-scores are also provided: one combining anxious/depressed,

withdrawn-depressed, and somatic complaints scores, the other rule-breaking and aggressive
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behavior scores. For the present prediction analyses, we used the T-scores of the internalizing

and externalizing subscales.

Social Responsiveness Scale-second edition (SRS-2). The SRS-2 includes 65-item on a 4 point

Likert-scale that assesses current (past 6 months) ASD related symptoms, with 53 items focusing

on social communication and 12 items on restrictive, repetitive behaviors (RRBs). The resulting

total score is converted into total T-scores for boys and girls, separately (Constantino and Gruber

2012). For the present prediction analyses, we used T scores as recommended, given that subscale

scores are not sufficiently independent (Constantino 2011)

Sensory Experience Questionnaire (SEQ; (Baranek et al. 2006; Little et al. 2011; Ausderau and

Baranek 2013)).  The SEQ is a parent/caregiver 21-item questionnaire where responses are

marked on a 5-point Likert scale. It measures sensory patterns of hyper- and hyper-responsiveness

as well as seeking behavior in social and nonsocial contexts and provides a total and subscale

scores. Here we used the summary scores for the hyposensitivity, hypersensitivity, and seeking.

● Repetitive Behaviors Scale - Revised (RBS-R). The RBS-R is a parent/caregiver questionnaire

that measures repetitive behaviors/interests in children with ASD. It includes 44 items, scored on

a 4-point Likert scale (Lam 2004). For the feature importance analysis, we used the raw subscores

on the mostly used RBS-R 6-factor structure (Lam and Aman 2007). All factors were included

except for self-injurious as the range of scores in this case was very limited due to the infrequency

of these symptoms in our sample. As a result the RBS-R subscale stereotype  compulsive, ritual,

sameness, and restricted were included in the analyses.
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2 - MRI scan protocol

The MRI scan protocol with the order of scan administration during the first scan session  is described in

Supplementary Table 1 and in Figure 2 of the main text. At the MRI scan visit, following the review of a

social story entitled “Getting brain pictures with an fMRI scan" and a metal screening, children were

invited in the MRI room. In the MRI room children were first equipped with a respiration belt from the

Biopac Systems Inc (“Data Acquisition and Analysis System - MP160 System - Windows” 2020) and

earplugs to reduce in-scanner noise. Then, they laid down on the table in a comfortable supine position.

Their head rested on the bottom half of the head coil on a vacuum pillow; padding around the sides of the

head helped to restrict head motion. The top half of a 32-channel Siemens head coil was then positioned

and a mirror mounted on it allowed to view stimuli back-projected to a screen at the rear of the MRI bore.

A cartoon video of the child’s choice was administered during all structural and diffusion scans

(T1-weighted, T2-weighted, DTI); a white cross centered on a black screen was shown for the resting

state fMRI scans.  Finally, the Hariri task (Hariri et al. 2002) was administered in two blocks consistent

with the HCP protocol (Barch et al. 2013).  To enable completion of the face emotion recognition task,

button boxes were provided. A pulse oximeter was also used and most often positioned on one  the

halluces (big toe) of the child. Eye tracking data was collected during the Task-fMRI runs, whenever

possible using an eye tracker camera, EyeLink 1000 (SR Research, Ontario, Canada).

To ensure all children were able to understand the fMRI task instructions, at least one short practice of 27

seconds including six trials of the Hariri task was administered. Two practice runs were administered for

those completing the first one with accuracy <67%. Only children able to correctly respond to at least

67% of the trials were administered the task in the MRI session. During the course of the study, to

maximize the number of children able to complete the task practice, a longer practice version of 54

seconds was administered adding six more faces selected from the NimsTim battery (Tottenham et al.
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2009). Overall, out of the 201 children undergoing the first MRI session, 23 children failed the task

practice and therefore did not attempt the task fMRI; task practice information was missing for seven

children for whom task-fMRI was not collected.

As described in the main text, the scan runs were administered in a quasi-fixed order, always starting with

T1 and finishing with DTI (Figure 2, Supplementary Table 1). Specifically, when children moved or

asked for a break, runs were stopped and then repeated as needed and feasible following encouragement

and feedback before going to the next scan in the sequence.  During data collection, two MRI operators

monitored movement directly,  one via the operator room window, the other via the eye tracker camera

positioned at the back of the MRI bore providing a direct sight of the child's eye. During functional scans

(rest and task), movement across the six directions was quantitatively monitored in real time using an

in-house built MATLAB code. The MRI operator stopped the fMRI runs when motion exceeded a

pre-specified threshold (rest = 1mm; task = 2mm) in the first few minutes of the scan, and gave feedback

and encouragement to repeat the scan, as feasible.

6

https://paperpile.com/c/YiRsXa/moRj


3 MRI Data Quality Assurance (Q/A)

To ensure quality of structural scans (T1-weighted and T2-weighted), at least one of two quality raters (JF

and PS) visually inspected all  images for any artifacts (e.g., ringing artifacts, ghosting effects, blurred

regions, well defined white and gray matter).

Anatomical quality was assured by visual inspection on a fail vs pass rating. To evaluate concordance

among the two raters, 84 (42 T1-weighted and 42 T2-weighted; ~28% of the images) a  intraclass

correlation coefficient, ICC, (Shrout et al. 1979) and their 95% confidence intervals were calculated using

the psych toolbox version 2.0.9 for R based on a single fixed ratings, 2-way mixed-effects model. The

resulting ICC(3,1) was 0.96 (Confidence interval: 0.94- 0.97) indicating excellent inter-rater reliability. For

rest and task functional images, following visual inspection for signal dropouts or artifacts, motion

indexed framewise displacement (FD) (Jenkinson et al. 2002) was computed. Resting state fMRI scans

with a median FD≤0.2mm were considered passing Q/A. For task fMRI scans, given the relative greater

robustness of task-related fMRI design to motion (Johnstone et al. 2006; Siegel et al. 2014), a median

FD≤0.4mm was used to consider for passing Q/A. Regarding the DTI data Q/A, several quantitative steps

were taken on a gradient-wise level.  DTI scans with at least 69 gradients passing our quality assurance

(out  of the 137 collected, (50%) were deemed passing. Each step is described below

1. FSL Motion Outliers: Gradients with a framewise displacement >3 mm rejected.

2. DTIPrep Image checking: Participants with incomplete scans (prematurely ended and/or

otherwise containing less than 137 total gradients) were identified by DTIPrep (Oguz et al. 2014)

and all gradients for such participants rejected.

3. DTIPrep Slice-wise Deviation: This step assessed gradients for intensity and brightness artifacts.

As recommended by DTIPrep and prior studies (Jovicich et al. 2014; Wang et al. 2017), gradients

with an average intensity >3.5 standard deviations above the mean were rejected.
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4. DTIPrep Interlace-wise Deviation: This step checked for Venetian blind artifacts and assessed

within-volume motion, rejecting gradients with an intensity >2.5 standard deviations above the

mean intensity of the volume. Gradients were also rejected with a rotation of 0.5 degrees or a

translation deviation of 1.75 mm beyond the average position of the volume. These thresholds

reflect those recommended by DTIPrep - as default settings (intensity, rotation) or as a

parameter-based calculation (translation, average of voxel measurements).
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Supplementary Figure 1

Supplementary Figure 1. Feature importance after adding diagnosis (DX) to the random forest
regression model. After adding diagnosis as a feature, the model’s virtually did not change from that
obtained in primary analysis (mean average error 1.31 scans, model’s variance explained remained around
15.7%).
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Supplementary Figure 2

Supplementary Figure 2. Feature importances after adding the time interval between the MRI
simulation session and MRI session. A) Feature importances after adding time interval (in days)
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between the MRI simulation session and MRI session to the random forest regression model. Results
virtually did not change (mean average error 1.32 scans, model’s variance explained remained around
14.97%). B) Feature importance after adding the time interval between the MRI simulation session and
MRI session to the naive bayes classification model. Results virtually did not change (accuracy= 0.74,
precision= 0.83 and recall=0.86).
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Supplemental Figure 3:
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Supplementary Figure 3: Secondary predictive features associated with scan success in the first
MRI session. Scatter, violin, and box plots show the group distribution of clinical measures for each MRI
scan. A) ADOS-2 RRB subtotal CSS; B) verbal IQ standard subscore; C) SWAN inattention index
average score. Each dot on the scatter plot indicates a child’s score. The violin plots model the distribution
of the scores. The boxplots show the quartile ranges of the data. Data of children passing a specified scan
are colored in blue; those failing or not completed (NC) that scan are colored orange.  Abbreviations:
R-fMRI, first resting state fMRI; T-fMRI, task fMRI; R-fMRI 2, second resting state fMRI; DTI,
diffusion tensor imaging; SWAN, Strengths and Weaknesses of Attention-Deficit/Hyperactivity Disorder
Symptoms and Normal Behavior Scale; ADOS-2 CSS RRB, Autism Diagnosis Observation Schedule
Calibrated Severity Score Restricted Repetitive Behaviors.
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Supplemental Figure 4

Supplemental Figure 4 - Age-Residualized ADOS-2  lower- and higher-order RRB item scores.
Group mean and standard errors for A) lower (D1+D2 item) and B) higher order RRB item (D5) tafter
regressing out for age (the strongest predictive feature) for the children failing (orange) and  passing Q/A
(blue) for each of the scans in the session. The regression models were as follows:  Higher order ~ Age +
e, and Lower order ~ Age + e, where e is the error. Consistent with (Bishop et al. 2013) lower and higher

16

https://paperpile.com/c/YiRsXa/XP7h


order item scores can be derived for ADOS-2 module 3, as such these scores are from children
completing ADOS-2 module 3 exam (N = 184 out of 201; 92%).
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Supplemental Figure 5

Supplemental Figure 5 - Secondary predictive features associated with the minimal set of scan
success. Scatter, violin, and box plots showing the group distribution of A) verbal IQ standard scores and
B) mean framewise displacement (FD) of the last 6 min step of the simulator training for the children
pasing and those failing the minimal scan set (T1-weighted + R-fMRI1). Each dot on the scatter plot
indicates a child’s score. The violin plots model the distribution of the scores. The boxplots show the
quartile ranges of the data.
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Supplemental figure 6

Supplemental Figure 6. Feature importance after adding diagnosis (DX) to the naive bayes
classification model. Feature importance after adding diagnostic label (ADHDw/oASD vs ASD) as a feature
to the naive bayes classification model. After adding diagnosis as a feature, the model’s virtually did not
change (accuracy= 0.74, precision= 0.84 and recall=0.86).
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Supplementary Table 1

Table 1. Characteristics of subjects by site. Notes and Abbreviations: ADHD,
attention-deficit/hyperactivity disorder; ADOS-2, Autism Diagnostic Observation Schedule, second
edition; ASD, autism spectrum disorder; CSS, calibrated severity scores; SA, social affect; RRB,
restricted and repetitive behaviors; SCQ, Social Communication Questionnaire, SRS-P, Social
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Responsiveness Scale by Parents; SWAN, Strengths and Weaknesses of Attention-Deficit/Hyperactivity
symptoms and Normal behaviors; SEQ, Sensory Experience Questionnaire. For between-group
comparisons, Mann-Whitney U tests were computed for continuous variables. Chi-squared tests were
calculated for categorical variables. Children who were missing two or fewer instruments had imputed
values, as described in the methods section below and in the main manuscript. Detailed information about
the sample is presented in Table 2 of the main manuscript.
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Supplemental Table 2

Matrix Sl
#

FOV FOV
Phase

%

Res
(mm)

TR
ms

TE
ms

TI
ms

FA
o

MBA PPF dirs b TA
min:sec

Vol
#

T1-w 320x300 208 256x256 93.8 0.8x0.8
x0.8

240
0

2.2
4

10
60

8 - off - - 6:36 -

R1 90x92 66 216x216 102.2 2.4x2.4
x2.4

800 30 - 55 6 off - - 6:20 465

Task
1

90x92 66 216x216 102.2 2.4x2.4
x2.4

800 30 - 55 6 off - - 4:39 339

Task
2

90x92 66 216x216 102.2 2.4x2.4
x2.4

800 30 - 55 6 off - - 4:39 339

R2 90x92 66 216x216 102.2 2.4x2.4
x2.4

800 30 - 55 6 off - - 4:39 339

T2-w 320x300 208 256x256 93.8 0.8x0.8
x0.8

320
0

564 - - - on - - 5:57 -

DTI 140x140 81 240x240 100 1.7x1.7
x1.7

453
0

89.
6

- 90 - 6/8 137 3000 10:43 -

Supplemental Table 2 — MRI imaging parameters at each scan in the protocol. Acronyms used: b, b-values; dirs,
number of diffusion directions; DTI, diffusion tensor imaging; FA, flip angle; FOV, field of view; MBA, multiband
acceleration; TA, time of acquisition; TE, echo time; TI, inversion time; TR, repetition time; T1-w, T1-weighted
(MPRAGE); T2-w, T2 weighted; PPF, phase partial Fourier; Res; spatial resolution; R1, R-fMRI 1st scan; R2, R-fMRI
2nd scan; task 1, task-fMRI 1st scan block; Sl; slice #; task 2, task-fMRI 2nd scan block; Vol, number of volumes,
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Supplemental Table 3 Characteristic of the enrolled sample by primary DSM-5 diagnosis
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Table 3. Notes and Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ADOS-2, Autism
Diagnostic Observation Schedule, second edition; ASD, autism spectrum disorder; CSS, calibrated
severity scores; RRB, restricted and repetitive behaviors; SA, social affect; SCQ, Social Communication
Questionnaire; SES, socioeconomic status; SEQ, Sensory Experience Questionnaire; SRS-P, Social
Responsiveness Scale by Parents; SWAN, Strengths and Weaknesses of Attention-Deficit/Hyperactivity
symptoms and Normal behaviors; a One child with ADHD was not administered one non-verbal IQ
subscale. b Most children were administered module 3 of the ADOS-2, except for one child with ADHD
and 11 with ASD who were administered ADOS-2 module 2. cParent T scores on CBCL total,
internalizing and externalizing subscales were not collected for 7 children with ASD and for 3 children
with ADHD. d Parent RBS-R scores were not available for 6 children with ADHD and 2 children with
ASD. e Parent SCQ Lifetime Total scores were not collected for 16 children with ADHD  and 13 children
with ASD.f Parent SEQ assessments were not collected for 26 children with ASD and 21 children with
ADHD. g Parent SRS-2 T Total scores were not available for 6 children with ASD and 2 children with
ADHD.h SWAN questionnaires were not collected for 4 children with ADHD and 8 children with ASD.
iInformation on ethnicity and race was not available for 3 children with ADHD and 2 with ASD. “Other”
includes American Indian/Alaskan Native, Native Hawaiian/Pacific Islander, mixed or other not specified.
Of the 35 children with ADHD, 8 identified as Asian, 6 as other. Of the 33 children with ASD, 7
identified as Asian, 1 as American Indian/Alaskan Native, 1 as Native Hawaiian/other Pacific islander,
and 7 as ‘other.’ j Data on SES was missing for 7 children with ASD and 6 children with ADHD. The
ADHD group included n=4  children in SES Class 1, n=12 children in SES Class 2, n=17 in SES Class 3,
n=31 in SES Class 4 and n=68 SES Class 5. The ASD group included: n=6 children in SES Class 1, n=9
in SES Class 2, n=18 in SES Class 3, n=27 in SES Class 4, and n=44 in SES Class 5. k Information on
DSM-5 categorical comorbidities was not available for 1 child with ASD. l Information on medication
status was not available for 4 children with ASD. For the 35 children with ADHD who were not
medication naïve, 24 were on current medication and 11 were off medication but not naïve. For the 39
children with ASD who were not medication naïve, 28 were on current medication and 11 were off
medication but not naïve. m Of 138 children with ADHD, n=72 as combined, n=46 were classified as
predominantly inattentive, n=6 as predominantly hyperactive/impulsive, and 14 as ADHD otherwise
specified.
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